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[57] ABSTRACT 

A method for fast and reliable defect detection on semicon- 
ductor devices by comparing SEM images from a single 
perspective followed by a cross-check between at least two 
perspectives. An SEM equipped with at least two electron 
detectors each of which is capable of collecting electrons 
from different angular sectors. 'Base* images of an area of 
the semiconductor wafer which is to be inspected are 
generated from both perspectives. For each perspective base 
image, a perspective 'reference' image is generated, which 
is suitable far comparison with the base image. The refer- 
ence image is registered with respect to the base image, for 
each perspective, the reference image is compared with the 
base image, and a comparison map of possible defect 
locations is produced, and, finally, a cross-check is carried 
out between the perspective comparison maps. The cross- 
check filters out events in the perspective comparison maps 
relating to variations other than defects such as pattern 
variations and noise. 

17 Claims, 8 Drawing Sheets 
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FIG. 2 
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RELIABLE DEFECT DETECTION USING 
MULTIPLE PERSPECTIVE SCANNING 
ELECTRON MICROSCOPE IMAGES 

This is a continuation of U.S. patent application Ser. No. 
08/493,038, filed Jim. 21, 1995 now abandoned. 

FIELD AND BACKGROUND OF THE 
INVENTION 

The present invention relates to a method for detection of 
defects on semiconductor wafers using a scanning electron 
microscope (SEM) and, more particularly, to a method for 
fast and reliable detection of defects by comparing a number 
of SEM images, each of which contains different informa- 
tion about the semiconductor device. 

Defects on semiconductor wafers, such as particulate 
contamination, may render the wafers inoperative. 
Therefore, when manufacturing semiconductors, a quality 
inspection is usually performed to detect defects on the 
semiconductor wafers. Over the years, two main 
approaches— optical inspection and SEM inspection — have 
been developed and used to detect defects on semiconductor 
wafers. 

Optical inspection of semiconductor wafers for defects 
detection is considered an effective and low cost method and 
is, therefore, the most widely used approach. 

Various methods for detecting defects on semiconductor 
wafers using optical inspection equipment have been devel- 
oped. For example, U.S. Pat No. 4,805,123 to Specht et aL, 
discloses a photomask and reticle inspection method and 
apparatus, wherein an examined surface area of a given 
image is compared with a corresponding reference area. 

Also known are various methods for defect detection 
using SEM based equipment For example, U.S. Pat No. 
4,794.646 to Jakeuchi et al. discloses an apparatus for 
detecting semiconductor wafer pattern defects wherein an 
inspected wafer area is compared to an image constructed 
from information, such as design rules, in a database. 

As features on semiconductors become smaller than the 
wavelength of visible light, the size of defects which have to 
be detected falls below the resolution of conventional light 
optics. As a result, optical inspection systems become 
increasingly unreliable. Furthermore, even if the defect can 
be detected with optical systems, the resolution is such that 
it is impossible to extract accurate additional information, 
such as defect size and defect boundary. So the ability of 
optical systems to classify defects is highly limited. 

Scanning electron microscopes (SEM) are capable of 
resolving features more than an order of magnitude smaller 
than the wavelength of visible light, and are, therefore, 
natural candidates for carrying out defect detection and 
classification on these scales. In order for an SEM-based 
semiconductor wafer defect detection method to be feasible 
for industrial purposes, the inspection must be fast and 
reliable and must generate as few false alarms as possible. 

However, since speed requires images to be generated 
employing a large field of view, and since the faster electron 
microscope scanning is carried out, the poorer is the image 
contrast-to-noise ratio, defects covering small areas of the 
image are difficult to distinguish from pattern variations and 
noise, rendering fast scanning by existing SEM equipment, 
impractical due to the serious constraints on the image 
quality produced. 

As mentioned, for speed purposes, it is required to gen- 
erate images in a large field of view. This, in turn, means that 
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defects covering only a small fraction of the semiconductor 
wafer image are obtained. Therefore, the image of any given 
defect carries relatively little information, typically insuffi- 
cient for purposes of identifying and characterizing it with 

5 respect to the wafer pattern. 

Rapidly acquired, large field of view, SEM image varia- 
tions which are not associated with semiconductor wafer 
defects are well known. There is a legitimate pattern varia- 
tion between two ideally identical semiconductor wafer 

10 areas, which, at SEM resolution, using the comparative 
approach described, may easily be interpreted as a defect. A 
second source of variations, not associated with semicon- 
ductor wafer defects, is variations characterizing the image 
formation process itself, such as noise or difference in focus. 

IS In both cases, the larger the variation, the higher the poten- 
tial for false alarm. 

The source of contrast in SEM images depends, to a large 
extent, on the energy range of the emitted electrons. For 
example, for backscattered electrons, contrast mostly 

2Q reflects differences of material types. Although semiconduc- 
tor wafers are made of a combination of materials, there is 
no guarantee that defects and wafer patterns are made of 
different materials. On the other hand, contrast produced by 
secondary electrons, emitted from the scanned object and 

25 having energy less than 50 eV, depends almost entirely on 
surface topography. This contrast is more suitable for semi- 
conductor wafer defect detection. 

The contrast-to-noise ratio for secondary electrons is 
inherently rather low but there are standard ways in which 

30 this ratio can be improved (see, for example, the book of L. 
Reimer, Image Formation in Low-Voltage Scanning Elec- 
tron Microscopy, SPIE Optical Engineering Rress, 1993). 

One way to improve the contrast-to-noise ratio associated 
with secondary electrons is to use detectors devised to 

35 collect secondary electrons emitted from the wafer which 
are scattered in a limited angular sector, rather than collect- 
ing them all. Explicitly, edges scattering electrons in the 
direction of the detector will be brightened while edges 
facing away from the detector will be darkened. The effect 

40 of this shading is to gready enhance image contrast Sec- 
ondary electron images formed from collecting secondary 
electrons in some limited angular sectors are referred to 
herein as 'perspective images 1 . Detectors collecting second- 
ary electrons of different angular sectors produce perspec- 

45 tive images carrying different information about the wafer 
pattern. 

Perspective imaging improves topographic contrast, but it 
does nothing to overcome the problems of the prior art 
described above of SEM scanning in a large field of view 
so and comparing variation between images. 

There is thus a widely recognized need for, and it would 
be highly advantageous to have, a fast and reliable method 
aimed at detecting defects in semiconductor wafers based on 
a comparison of perspective images and capable of filtering 
55 out large variations between compared images. 

SUMMARY OF THE INVENTION 
According to the present invention there is provided a 
method for fast, reliable defect detection on semiconductor 
60 devices by comparing SEM images from a single perspec- 
tive followed by a cross-check between at least two per- 
spectives. 

According to further features in preferred embodiments of 
the invention described below, the invention requires an 
65 SEM equipped with at least two secondary electron detec- 
tors each of which is capable of collecting electrons from 
different angular sectors. 
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According to still further features in the described pre- SEM images from a single perspective, followed by a 

ferred embodiments, 4 base* images of an area of the serai- cross-check with one or more other perspectives, 

conductor wafer which is to be inspected are generated ease 0 f presentation, ail further descriptions refer to 

simultaneously from both perspectives. For each perspective semiconductor wafers, it being understood that the methods 

base image, a perspective 'reference* image is generated, 5 of ^ sent tendon are suitable for other applications, 

which is suitable for comparison with the base image. including, but not limited, to those mentioned above, all of 

According to yet further features in the described pre- whidl m t0 faU within ^ of ^ nt 

fared embodiments, far each perspective, the reference invention 

image is registered with respect to the base image, for each " • i j • * L . _ _ 
perspective, me reference image is compared with the base in ™ pnnaples and operation of a method for fast and 
image, and a comparison map of possible defect locations is reliable defect detection on semiconductor devices accord- 
produced, and, finally, a cross-check is carried out between m S t0 toe present invention may be better understood with 
the perspective comparison maps. The cross-check filters reference to the drawings and the accompanying description, 
out events in the perspective comparison maps relating to Referring now to the drawings, HG. 1 schematically 
variations other than defects such as pattern variations and illustrates an apparatus 20, for carrying out a semiconductor 
noise. As a result, a completed comparison map is produced 15 wafer defect detection according to the present invention, 
with significantly fewer false alarms than the perspective The principal components of apparatus 20 are a SEM 22, 
comparison maps themselves. two secondary electron detectors, 24a and 24b, each of 
The present invention successfully addresses the short- secondary electron detectors, 24a and 24b, being oriented 
comings of the presently known corifigurations by providing towards a stage 26 on which an inspected semiconductor 
a method for fast and reliable defect detection on semicon- 20 wafer 28 ^ p fa c& x f an image processing computer 30. 
ductor devices by comparing SEM images from a single ^ ch of sccon dary electron detectors, 24a and 24b, collects 
perspective followed by a cross-check between at least two electrons from a mc[ent angular scctor which is smallcr 
perspectives resulting in significantly fewer false alarms. ^ m ^gQ 0 

BRIEF DESCRIPTION OF THE DRAWINGS Several different detector configurations are possible for 

The invention is herein described, by way of example generating perspective images. One possibility is that the 

only, with reference to the accompanying drawings, two detectors are both 'external* to the SEM column and are 

wherein: placed so as to collect electrons from some limited angular 

FIG. 1 is a schematic depiction of a semiconductor wafer sector. Another possibility is that the SEM itself is designed 

defect detection apparatus according to the present inven- 3Q so that detectors can be placed in the SEM column, so called 

tion; 'in lens' detectors. In this case two perspectives can be 

FIG. 2 is a schematic depiction of an image processing generated by tilting the sample, having one 'in lens* detector 

flow according to the present invention; and one 'external' detector. Yet another possibility is that 

FIG. 3 is a schematic depiction of the registration process two perspectives can be generated by two 'in lens* detectors, 

which is the first step in an image processing flow according 35 All the detectors so far mentioned have related to secondary 

to the present invention; electron emission. However, a two perspective configuration 

FIG. 4 is a schematic depiction of a pattern detection can also be obtained with one detector for secondary elec- 

process which is the first stage in a registration process trons and one detector for back scattered electrons, 

according to the present invention; For ease of presentation, in the method of the invention, 

FIG. 5 is a schematic depiction of an analyzing process 40 as is described herein, two secondary electron detectors are 

which is the third stage in a registration process according to employed. Nevertheless, as will become apparent to those 

the present invention; skilled in the art, more than two secondary electron detectors 

HG. 6 is a schematic depiction of a comparison process may be used, 

which is the second step in an image processing flow A serniconductor wafer includes an array of identical dies, 

according to the present invention; 45 A fraction of a die is referred to herein as a wafer area, 

FIG. 7 is a schematic depiction of a comparison cross- whereas a wafer area which is to be inspected is referred to 

checking process which is the third step in an image pro- herein as a wafer base area. Since any given wafer area is 

cessing flow according to the present invention; supposedly identical to corresponding wafer areas of any of 

FIG. 8 is a schematic depiction of comparison maps the dies in a semiconductor wafer, any of the corresponding 

obtained from two perspectives and their completed com- 50 wafer areas may serve as an inspected reference area for the 

parison map generated during the comparison cross- inspected base area* In a preferred embodiment, a single 

checkmgprocesswMch emphasize the ability of the method inspected reference area is used, which reference area is 

of the present invention to differentiate defects from semi- contained in a first die, which first die is a neighboring die 

conductor wafer pattern variations .and noise produced *° a second die, which second die contains the inspected 

during the scanning procedure; 55 base area. Other embodiments of the method of the present 

FIG. 9 is a schematic depiction of the first stage of the invention make use of two or more inspected reference areas 

comparison cross-checking process, wherein dilation is ^ or eaCD inspected base area. Using more than one inspected 

applied to the completed comparison map; reference area increases the degree of certainty regarding the 

FIG. 10 is a schematic depiction of the second stage of the presence of a defect and its location on the semiconductor 

comparison cross-checking process, wherein a list of can- 60 wafer * 

didate defects from the completed, dilated, comparison map ^ semiconductor wafer 28 is placed on the stage 26 by 

is produced. a suitable wafer handling device 25. Stage 26 is then moved 

to a position which brings the wafer base area to be 

DESCRIFnON OF TE^tWFEKRSBD inspected, under SEM 22 electron beam 32. and two base 

EMBODIMENTS 65 perspective images of the wafer base area are generated 

The present invention is of a method for fast and reliable simultaneously by detectors, 24a and 24b. Stage 26 is then 

defect detection on semiconductor devices by comparing moved to a position which brings the wafer reference area to 
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be inspected under SEM 22 electron beam 32, and two 
perspective SEM images of the wafer reference area axe 
generated simultaneously by detectors, 24a and 24b. 

The process of simultaneous image generation of a par- 
ticular wafer area (either base or reference) by each of 
detectors, 24a and 24&, is carried out as follows: 

A fraction of the area (either base or reference) is scanned, 
and an analog signal is transmitted from detectors, 24a and 
24b to automatic brightness and contrast control (ABCQ 
units, 38c and 38fc, respectively, which then set the detectors 
gain and offset so that all images have a maximal dynamic 
range and differences in image intensity are reduced. In a 
preferred embodiment, ABCC units, 38a and 2Sb are a 
standard component, available, for example from Zeiss. 

After the gain and offset of each of detectors, 24a and 24b, 
are set by the corresponding ABCC units, 38a and 3$b, the 
entire area (either base or reference) is scanned, and an 
analog signal is transmitted from detectors, 24a and 24b, to 
a frame grabber 40 which is a component of the image 
processing computer 30. Horizontal and vertical synchroni- 
zation signals from the scanning unit of SEM 22 are also 
transmitted to frame grabber 40. The synchronization sig- 
nals are used to generate the perspective image obtained 
from each of detectors, 24a and 24£>, analog signals. Per- 
spective images thus generated are stored in an image buffer 
unit 44 and await processing by the image processing unit 46 
of the image processing computer 30. Having generated at 
least one set of base and reference perspective images in 
image buffer unit 44, processing by image processing unit 46 
may begin.. 

The overall flow of data for image processing according 
to the present invention is shown in FIG. 2 and, as will be 
described in detail below, the image processing includes 
three main successive steps: (i) a registration step; (ii) a 
comparison step; and (iii) a comparison cross-checking step. 
As further shown in FIG. 2, the registration and comparison 
steps are carried out on each perspective image of any given 
reference and base areas, separately, whereas during the 
comparison cross-checking step, information from both per- 
spective images is cross checked 

The flow of data during the registration step, which, as 
shown in FIG. 2, is the first step of the image processing 
flow, is shown in FIG. 3. Registration herein refers to a 
registration correction process in which differences between 
the base image and the reference image are corrected. These 
differences are introduced because the images were gener- 
ated from somewhat different locations on the semiconduc- 
tor wafer, due to, for example, accuracy limitations of stage 
26. 

Furthermore, the registration correction process is also 
required to correct a locational misregistration, which is 
assumed to be a coordinate translation (Dx4)y), limited by 
a search window having dimensions of NxN. The dimen- 
sions of the search window, NxN, to a great extent depend 
on the mechanical accuracy of stage 26 in a particular 
system being used. Misregistrations requiring a more com- 
plex registration correction process, such as, for example, 
rotations, are assumed to be negligible. 

As further shown in FIG. 3, the registration step is divided 
into three successive stages: (i) a pattern detection stage, 
carried out by a pattern detector 50; (ii) a correlation stage, 
carried out by a correlator 52; and (iii) an analyzing stage, 
carried out by an analyzer 54. 

The flow of data through pattern detector 50 is shown in 
FIG. 4. The purpose of the pattern detection stage is to find 
templates of a predetermined size, *MxM\ in the reference 
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image which contain sufficient information to render them 
suitable for use as a basis for finding the registration 
correction during the registration correction process of the 
registration step. The flow of data through pattern detector 
5 50 includes four successive steps: 

(i) The first step of pattern detection, as delineated above, 
is to calculate the local variance in a window having the 
dimensions MxM for each pixel obtained from the reference 
image. This creates a variance image whose pixels are 

10 variance values reflecting the mount of pattern in the MxM 
window, centered around the pixel. 

(ii) The second step of pattern detection is a pattern 
significance check which includes carrying out a signifi- 
cance check for the existence of sufficient pattern informa- 

15 tion to carry out registration by (a) normalizing the variance 
image with respect to a maximum variance; and (b) check- 
ing that a minimum variance is below a pattern significance 
threshold. If the minimum variance is not below a pattern 
significance threshold, an insufficient pattern is assumed, 

20 and a 'no pattern signal* is set to W. Otherwise, the 'no 
pattern signal 1 is *off\ The *no pattern signal' is passed, as 
shown in FIG. 3, onto analyzer 54 which performs the 
analyzing, third stage, of the registration step. 

^ (ii) The third step of pattern detection is to find local 
maxima of the variance image. Any given pixel is consid- 
ered to be a local maximum if its variance value is greater 
than, or equal to, the variances in a 5x5 neighborhood of 
pixels centered around the given pixel. This creates an image 

3Q whose pixel values are the local variance if the pixel is a 
local maximum, and zero, if it is not (iv) The fourth step of 
pattern detection is to choose 'm' templates, wherein *m* is 
a fixed integer. The templates are preferably selected accord- 
ing to the largest local maxima which define non- 
intersecting MxM templates, and are to be passed onto 
correlator 52, which performs the correlating, second stage, 
of the registration step. 

As further shown in FIG. 3, the second stage of registra- 
tion is performed by correlator 52. Correlator 52 calculates 
a registration matrix for each of the 'm' templates defined by 
pattern detector 50. To this end, for each template, is defined 
an NxN search window, centered on a pixel in the base 
image, which pixel corresponds to the center of the template. 
For each pixel of the NxN search window, a sum of absolute 

45 values of the differences between the template and the MxM 
window centered on the current pixel is calculated This, in 
turn, generates the NxN registration matrix for each tem- 
plate. As shown in FIGS. 2 and 3, and detailed in FIG. 5, the 
third stage of registration is performed by analyzer 54 and 

50 includes four steps: 

(i) During the first step of the analyzing stage, analyzer 54 
notes whether the 'no pattern signal* is W or 'off. If the 
*no pattern signal' is *on\ then the registration correction is 
set to (Dx, Dy)=(0,0) ^ me data m passed onto the 

55 comparison step, which, as shown in FIG. 2, is the second 
step of the image processing flow. 

Otherwise, the analyzer carries out a registration matrix 
significance check for each of the 'm' registration matrices. 
This includes: (a) to normalize the entries of the registration 

60 matrices with respect to their maximum entry; (b) to assign 
a significance grade equal to the difference between the 
normalized maximum and normalized minimum entries, to 
each registration matrix; and (c) to check for each registra- 
tion matrix for which the minimum normalized entry is 

65 below a registration significance threshold. If the minimum 
normalized entry is not below the registration significance 
threshold, then the registration matrix is defined as too 'flat* 
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to produce a significant result and is, therefore, discarded If registration correction coordinates (Dx4>y) are applied to 

all the 'm' registration matrices are discarded, registration the reference image, (ii) During the second stage of the 

for this perspective is deemed to have failed. In this case the comparison step, an edge detection process, on both the 

•registration fail* signal is set to 'on'. The 'registration fail' reference and base images is performed. The edge detection 

signal is passed onto the comparison step, which, as shown 5 process produces binary reference and base images as fol- 

in FIG. 2. is the second step of the image processing flow. lows: a standard operator is applied t0 eac h pixel 

If registration fail is on toe registration correction is of me irnage. Whenever the value of the standard Laplucian 

automahcaUysettoCDx DyHO^). tor ^ ceeds a ^ predetermined ^ Action 

(u) During the second step of the analyzing stage, ana- threshold, the binary output pixel is set to '1\ otherwise, the 

lyzer 54 is to find a global m i n i mum of each registration 1Q fa . . el ^ g * t ^ 0 > 

matrix that was not already discarded for being insignificant, , 

as delineated above ( m ) CompansoD is completed by comparing the binary 

(iii) During the third step of the analyzing stage in which ^ en u ce and bas . e ? registration fail signal is 
a periodicity checkis performed, analyzer 54 is to check for ° n • me com ? anson ^ " sct t0 ^ Otherwise, the 
pattern periodicity by: (a) normalizing each significant reg- binary comparison map is a logical Exclusive or* of the 
istration matrix with respect to the difference between the 15 reference and base area images. That is, whenever there is a 
maximum and minimum entries (note that the ' minim um' is *T in the reference area image and a '0* in the base area 
the 'global minimum' and its normalized value will, image, or vice versa, the corresponding pixel in the com- 
therefore, be zero); (b) checking each of the registration parison map is set to *1\ Otherwise, the pixel in the 
matrices for local minima less than a predetermined 'peri- comparison map is set to i 0 > . Another configuration in which 
odicity significance threshold*, wherein all of the regis tra- 20 the comparison map can be created is by operating directly 
tion matrix minim a with normalized values below the 'peri- on the base and reference area images (as opposed to their 
odicity significance threshold* are candidates for the corresponding binary edge images). In this configuration, 
registration correction process; and (c) labeling a registra- the absolute difference of the base and reference area images 
tion matrix with more than one candidate for the registration is calculated. For every difference exceeding a threshold 
correction, as 'periodic', wherein if there is only one 25 value, a T is placed in the comparison map, whereas, for 
candidate, the registration matrix is defined as *non- every difference not exceeding the threshold value, a '0' is 
periodic*. placed in the comparison map. 

(iv) During the fourth and final step of the analyzing As shown in FIG. 2 and detailed in FIG. 7, the third and 
stage, analyzer 54 is to calculate the registration correction. final step of the image processing flow for semiconductor 
This is the only step of analyzer 54 which takes into account 30 wafer defect detection according to the present invention is 
all of the significant registration matrices together. Candi- the step of cross-checking between the two different per- 
dates for the registration correction are considered to be spectives. It will be recalled that the aim of cross-checking 
equal if they are within +M of each other. There are three is to exploit different information present in each 
possible cases: perspective, to increase the reliability of defect detection in 

(1) If all the registration matrices are 'non-periodic', 35 the presence of, for example, noise and pattern variation, 
analyzer 54 is to count the number of times each candidate As shown, far example, in FIG. 8, noise 64 is a random 
appears. The most frequently appearing candidate is the phenomenon, so that the likelihood that noise occurs in 
registration correction. different perspectives in the same pixels is extremely small. 

(2) If there are both 'periodic* and 'non-periodic* regis- 40 By cross-checking data from different perspectives it should 
tration matrices, analyzer 54 is to create a list of candidates he possible to eliminate false alarms caused by noise, 
from the candidates appearing in the *non-periodic* regis- As further shown in FIG. 8, pattern variation is not 
tration matrices and count the number of times each candi- random, but, in the comparison maps of each perspective * 1 * 
date in the list appears among all the registration matrices and *2*, appears as differences 62 in the edge information 
(both 'periodic' and 'non-periodic*)- In a case where each of 45 between the base area and the reference area. For a given 
the candidates appears only once, analyzer 54 is to discard feature 63, different edges are emphasized in different per- 
the *non-periodic* registration matrices, and to set the case spectives. So the pattern variation 62 associated with dif- 
to be that of 'periodic* registration matrices only (see ferent edges appears in different perspective comparison 
below). Otherwise, the most frequently appearing candidate . maps. Furthermore, when perspective comparison maps are 
is taken as the registration correction. SQ overlayed, events associated with pattern variation in dif- 

(3) If there are only 'periodic* registration matrices, ferent edges will be separated by the feature width, 
analyzer 54 is to count the number of times each of the This, however, is not the case for defects 61. While events 
candidates appeared. The most frequently appearing candi- 60 associated with defects 61 may appear in different 
date is the registration correction. perspective comparison maps, when the maps are overlayed, 

If no candidate appears more than once, the registration 55 they will tend to be rather close to each other. Therefore, the 

correction is taken from the registration matrix that received cross-checking process provides a means for separating 

the highest significance grade in step (1) of the analyzer. noise and pattern variations from defects. 

Having completed the registration step of the image As shown in FIGS. 7-10, the cross-checking process 

processing flow, as shown in FIG. 2, the second step of includes three major stages: 

image processing flow according to the method of the eo (i) The first stage of the cross-checking process includes: 

present invention, the comparison step, is carried out. As for (a) each pixel of the perspective comparison maps is mul- 

the registration step, the comparison step is carried out for tiplied by a fixed value that can be used to identify the 

each perspective separately. During the comparison step a perspective. For example, each pixel of perspective *1* 

binary comparison map with the same pixel dimensions as comparison map is multiplied by *1\ and each pixel of the 

the base image is produced. 65 perspective '2' comparison map is multiplied by a '2*; the 

As shown in FIG. 6. the comparison step includes three two perspective comparison maps are combined into a single 

stages: (i) During the first stage of the comparison step, the completed comparison map by applying an 'exclusive or' 
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operator. Note that pixels in the completed comparison map 
can take the values '0\ 4 1\ or *2'; (b) A morphological 
dilation operator is applied to the completed comparison 
map. Any pixel with a non-zero neighbor is given a non-zero 
value. As shown in FIG. 9, the value is set according to the 5 
majority value amongst the non-zero neighbors. If there is 
no majority, the pixel is given the highest value of its 
non-zero neighbors. The dilation operator can be applied one 
or more times. 

(ii) The second stage of the cross-checking process, as to 
shown in FIGS. 7 and detailed in HG. 10, is to produce a list 

of candidate defects from the completed, dilated, compari- 
son map. A candidate defect is any set of contiguous, 
non-zero pixels in the comparison map. Candidate defects 
are built up as follows; Starting in the top-left comer of the 15 
completed comparison map, for each non-zero pixel there 
are three cases: 

(1) The new non-zero pixel can be connected by a 
contiguous set of non-zero pixels to a single existing can- 
didate. 20 

(2) The new non-zero pixel can be connected by contigu- 
ous sets of non-zero pixels to more .than one existing 
candidate defect. 

(3) The new non-zero pixel can not be connected to any 25 
existing candidate defects. 

In case (1) above, the new non-zero pixel is added to the 
candidate defect. In case (2) above, all the candidate defects 
connected to the new non-zero pixel are combined into a 
single new candidate defect In case (3) above, a new 3Q 
candidate defect is created. 

(iii) The third stage of the cross-checking process is to 
decide which candidate defects are actually defects. Any 
candidate defect having more than a fixed threshold number 

of pixels from each perspective, is said to be a defect. The 35 
fixed detection threshold is greater than one. The method of 
the cross-checking process described above, requires that 
defects appear in both perspectives. Noise and pattern varia- 
tions are filtered out from defects because, as stated wife 
reference to FIG. 8 above, events in perspective comparison ^ 
maps that are associated with defects tend to be far closer 
together than events associated with noise or pattern varia- 
tion. So, a dilation operation will combine events in different 
perspectives associated with defects before it combines 
events in different perspectives associated with noise or 45 
pattern variation. 

(iv) The final step of the comparison cross-checking 
process is to calculate attributes of the defect that can be 
used for classification. 

The most basic attribute is the defect location which is set 50 
to be the center of gravity of the constituent pixels of the 
defect Other examples of attributes are defect size, the 
number of pixels making up the defect, and defect boundary, 
the convex hull of the pixels making up the defect The 
method of comparison followed by cross-check between 55 
perspective images can be exploited to calculate yet further 
attributes of defects such as whether the defect is above or 
below the wafer pattern. All these attributes can be used 
subsequently for defect classification. 

The cross-checking process, described above, required a 60 
defect to appear in both perspective images. Another pos- 
sibility for cross-checking is to require that defects appear in 
any one perspective comparison map. This makes it possible 
to detect defects in a depression that are hidden in one of the 
perspectives. In this case, defects have to be distinguished 65 
from noise and pattern variation by other characterizations 
than those described above. A minimum size requirement on 



defects will distinguish defects from noise and, to a lesser 
extent, pattern variation. Defects will be further distin- 
guished from pattern variation by using properties of the 
pattern that are not true for defects. For example, the degree 
of linearity of the pattern is greater than that of the defect 
(see HG. 8, and its accompanying description above). So a 
measure of linearity will help to separate defects and pattern 
variation. 

To conclude, the method of the present invention is 
capable of distinguishing between a semiconductor wafer 
defect, on the one hand, and semiconductor wafer pattern 
variation or noise introduced during the scanning procedure, 
on the other. The ability of the method of the present 
invention to reliably distinguish between defects and pattern 
variations and/or noise is primarily due to the generation of 
a separate comparison map for each of the two perspectives 
employed, followed by generating a completed comparison 
map from the comparison maps of the individual perspec- 
tives. The ability of the method of the present invention to 
reliably distinguish between defects and pattern variations 
and/or noise, is a result of the completed comparison map 
being produced with significantly fewer false alarms than 
the perspective comparison maps themselves. 

While the invention has been described with respect to a 
limited number of embodiments, it will be appreciated that 
many variations, modifications and other applications of the 
invention may be made. 

What is claimed is: 

1. A method of detecting defects in objects, such as 
semiconductor wafers, which include an array of ideally 
identical parts, the method comprising the steps of: 

(i) inspecting a base area and at least one corresponding 
reference area of an object which includes an array of 
ideally identical parts, each of said areas being 
inspected from a plurality of angular sections thereby 
forming a base perspective image for each of said 
plurality of ang"W sections and a corresponding ref- 
erence perspective image for each of said plurality of 
angular sections, respectively, wherein said inspection 
is performed by a scanning electron microscope appa- 
ratus including at least two detectors, thereby generat- 
ing said base and said corresponding reference perspec- 
tive images; 

(ii) for each of said perspectives, comparing said base 
perspective image and said corresponding reference 
perspective image, and, for each of said perspectives, 
creating a perspective comparison map; and 

(iii) if a difference is indicated, cross checking said 
comparison maps created for each of said perspectives. 

2. A method of detecting defects in objects, such as 
semiconductor wafers, which include an array of ideally 
identical parts, the method comprising the steps of: 

(i) inspecting a base area and at least one corresponding 
reference area of an object which includes an array of 
ideally identical parts, each of said areas being 
inspected from at least two angular sections thereby 
forming a base perspective image for each of said at 
least two angular sections and a corresponding refer- 
ence perspective image for each of said at least two 
angular sections, respectively, wherein said inspection 
is performed by a scanning electron microscope appa- 
ratus including at least two detectors, each of said 
detectors detecting electrons from a predefined angular 
section which is smaller than 180° and thereby gener- 
ating said base and said corresponding reference per- 
spective images; 
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(ii) for each of said perspectives, comparing said base between said first base and reference perspective images, 
perspective image and said corresponding reference and for said second base perspective image and said second 
perspective image, and, for each of said perspectives, reference perspective image, said comparison maps produce 
creating a perspective comparison map, said perspec- a second binary comparison map, said second binary com- 
tive comparison map indicating differences between 5 parison map reflects differences between said second base 
said base perspective image and said corresponding 311(1 reference perspective images. 

reference perspective image; and 9 - Th e method of claim 6, wherein for said first base 

(iii) if a difference is indicated, cross checking said TO*™ ^ ™ d said referee perspective linage, 
v ' . iJJf V ~ .„ 6 . said comparison maps produce a first binary comparison 

conipari^^ n^p, binar £ comparison map reflects differences 

thereby indicatuig substantially solely of presence of a w ^ ^ base ^ rcfcrCDC / ^ , 

defect and a locaUon of said defect on said inspected for said second base perspective image and said second 

°kJ ect * reference perspective image, said comparison maps produce 

3. The method of claim 2, further comprising the step of a second binary comparison map, said second binary corn- 
processing a registration correction, said registration corrcc- parison map reflects differences between said second base 
don process precedes said comparison maps said registration 15 and reference perspective images. 

correction process serves to correct differences between said 10. The method of claim 6, wherein each of said detectors 

base perspective image and said corresponding reference is selected from the group of detectors consisting of detec- 

perspective image for each of said at least two angular tors which are external to said scanning electron microscope 

sections, said differences introduced because said images apparatus and detectors which are internal to said scanning 

were generated from different locations on said object 20 electron microscope apparatus so called *in lens* detectors. 

4. The method of claim 3, wherein for said base perspec- 11. The method of claim 6, wherein each of said detectors 
tive image and said corresponding reference perspective is selected from the group of detectors consisting of detec- 
image of each of said at least two angular sections, said tors detecting secondary emitted electrons and detectors 
comparison maps produce binary comparison maps, said detecting back scattered electrons. 

binary comparison maps reflect differences between said 25 12. The method of claim 6, wherein said cross checking 

base perspective image and said corresponding reference is exploitation of differences of edges information present in 

perspective image, for each of said at least two angular each of said perspective comparison maps and generates a 

sections. completed comparison map, said completed comparison 

5. The method of claim 2, wherein for said base perspec- map indicates substantially solely of presence of a defect 
tive image and said corresponding reference perspective 30 and a location of said defect on said inspected object 
image of each of said at least two angular sections, said 13. The method of claim 6, wherein said cross checking 
comparison maps produce binary comparison maps, said is exploitation of features unique to said defects, and said 
binary comparison maps reflect differences between said features are selected from the group of features consisting of 
base perspective image and said corresponding reference size and shape. 

perspective image, for each of said at least two angular 35 14. The method of claim 2, wherein each of said detectors 

sections. is selected from the group of detectors consisting of detec- 

6. The method of claim 2, wherein said base area is tors which are external to said scanning electron microscope 
compared with a single corresponding reference area, said apparatus and detectors which are internal to said scanning 
base and reference areas being each inspected from first and electron microscope apparatus so called 'in lens* detectors, 
second angular sections to generate first and second base 40 15. The method of claim 2, wherein each of said detectors 
perspective images and first and second reference perspec- is selected from the group of detectors consisting of detec- 
tive images, respectively. tors detecting secondary emitted electrons and detectors 

7. The method of claim 6, further comprising the .step of detecting* back scattered electrons. 

processing a registration correction, said registration correc- 16, The method of claim 2, wherein said cross checking 

tion process precedes said comparison maps said registration 45 is exploitation of differences of edges information present in 

correction process serves to correct differences between said each of said perspective comparison maps and generates a 

first base perspective image and said first reference perspec- completed comparison map, said completed comparison 

tive image, and differences between said second base per- map indicates substantially solely of presence of a defect 

spectiye image and said second reference perspective image, and a location of said defect on said inspected object 

said differences introduced because said images were gen- 5 <> 17. The method of claim 2, wherein said cross checking 

crated from different locations on said object is exploitation of features unique to said defects, and said 

8. The method of claim 7, wherein for said first base features are selected from the group of features consisting of 
perspective image and said first reference perspective image, size and shape. 

said comparison maps produce a first binary comparison 

map, said first binary comparison map reflects differences ***** 



10/03/2001, EAST Version: 1.02.0008 



US-PAT-NO: 6016162 

DOCUMENT-IDENTIFIER: US 6016162 A 
TITLE: Video coding apparatus 
DATE-ISSUED: January 18, 2000 
INVENTOR- INFORMATION : 



NAME 


CITY 


m tv m i — i 

STATE 


ZIP CODE COUNTRY 






Odaka; Toshinori 


Yokohama 


N/A 


N/A JPX 






Uetani; Yoshiharu 


Kawasaki 


N/A 


N/A JPX 






Masuda; Tadaaki 


Tokyo 


N/A 


N/A JPX 






Yamakage; Tomoo 


Kawasaki 


N/A 


N/A JPX 






Ueno; Hideyuki 


Tokyo 


N/A 


N/A JPX 






Yamaguchi; Noboru 


Yashio 


N/A 


N/A JPX 






Kikuchi; Yoshihiro 


Yokohama 


N/A 


N/A JPX 






Oku; Tadahiro 


Urayasu 


N/A 


N/A JPX 






ASSIGNEE INFORMATION: 






NAME 


CITY 


STATE 


ZIP CODE COUNTRY TYPE 


CODE 




Kabushiki Kaisha 


Kawasaki 


N/A 



N/A JPX 03 

Toshiba 

APPL-NO: 9/ 054403 

DATE FILED: April 3, 1998 

PARENT -CASE: 

This application is a Division of application Ser. No. 
08/626, 922, now U.S . 

Pat. No. 5,754,251 filed on Apr. 3, 1996, which is a 
Divisional Application 

of application Ser. No. 08/295,421, filed Aug. 25, 
1994, now U.S. Pat. No. 

5,541,661 which is a Continuation Application of 
application Ser. No. 

08/156,709, filed Nov. 24, 1993, now U.S. Pat. No. 



10/03/2001, EAST Version: 1.02.0008 



5, 474, 779 which is a 

Continuation Application of application Ser. No. 
07/890,705, filed May 29, 
1992, now U.S. Pat. No. 5,317,397. 
FORE I GN-AP PL- PRIORITY -DATA: 
FOREIGN- PRIORITY : 

FOREIGN- PRIORITY-APPL-NO: JP 3-130012 
FOREIGN-PRIORITY-APPL-DATE: May 31, 1991 

INT-CL: [6] H04N007/32 

US-CL-ISSUED: 348/405,348/415 

US-CL-CURRENT: 375/240.04 

FIELD-OF-SEARCH: 348/405; 348/407 ;348/409 ;348/415 
;348/416 ;348/402 ;348/401 
;348/400 ;348/390 ;348/384 



REF-CITED: 

PAT -NO 
US-CL 

4460923 
348/413 

4571618 
348/412 

4816906 
348/402 

4951140 
348/413 

4972260 
348/405 

5055925 
348/699 

5093720 
348/452 

5146325 
348/384 

5168356 
348/409 

5173773 
348/407 

5175618 
348/416 

5198901 
348/413 



ISSUE -DATE' 



July 1984 
February 198 6 



March 1989 



August 1990 



November 1990 



October 1991 



March 1992 



September 1992 



December 1992 



December 1992 



December 199 



March 1993 



U.S. PATENT DOCUMENTS 
PATENTEE-NAME 

Hirano et al . 

Hatori et al . 

Kummerfeldt et al . 

Ueno et al . 

Fujikawa et al . 

Lamnabhi 

Krause et al. 

Ng 

Acampora et al . 
Ueda et al. 
Ueda et al. 
Lynch 



10/03/2001, EAST Version: 1.02.0008 



Gonzales et al . 



Takahashi et al. 



Hartung et al . 



Odaka et al. 



Ohta 



Chang 



Lee et al . 



Cheney 



Sugiyama 



GN PATENT DOCUMENTS 
GN-PAT-NO PUBN-DATE 
US-CL 

JP 3-226193 October 

1991 

ART-UNIT: 273 

PRIMARY-EXAMINER: Tung; Bryan 

AT TY -AGENT -FIRM: Obion, Spivak, McClelland, Maier & 
Neustadt, P.C. 
ABSTRACT : 

A video coding apparatus comprising a memory for 
storing a coded picture 

signal used as a reference picture signal, a vector 
detecting circuit for 

detecting, from plural field picture signals or plural 
frame picture signals 

which are read out from the memory and the reference 
picture signals, an 

optimum motion regarding a picture to be coded, a 
prediction signal producing 

circuit for subjecting a spatial-temporal filtering to 
a reference picture , 

designated by the optimum motion vector to produce a 
prediction signal, and a 



5231484 


July 1993 


348/407 




5305115 


April 1994 


348/390 




5309232 


May 1994 


348/384 




5317397 


> jr -I A, f~\ A 

May 1994 


348/416 




5355378 


October 1994 


371/53 




5532746 


July 1996 - 


348/415 




5565920 


October 1996 


348/398 




5576765 


November 1996 


348/407 




5841942 


November 1998 


386/109 




COUNTRY 





FORE I 
FORE I 



10/03/2001, EAST Version: 1.02.0008 



'coding circuit for coding the to-be coded picture 
signal on the basis of the 
prediction signal . 

5 Claims, 45 Drawing figures 

DEPR: 

FIGS . 21 A and 27B respectively show detailed examples 
of how the motion vector 

of a color signal is obtained from the motion vector of 
a brightness signal in 

the field interpolation mode and the frame 
interpolation mode. Referring to 

FIGS . 21 A and 27B, the broken circles indicate pixel 
positions where no color 

signals exist. Assume that the pixel position obtained 
in the first step is 

indicated by the circle at the central position, and 
the point obtained in the 

second step is indicated by "x". Assume that in either 
mode, the horizontal 

coordinate value of an origin is larger than that of 
the circle at the central 

position. In the field interpolation mode shown in 
FIG. 27A, if the motion 

vector of a brightness signal is obtained at the 
position of the point "x", the 

1/4-pixel-precision component of a color signal is 
rounded in to the direction 

toward zero to form an interpolated pixel ".DELTA.". 

This interpolated pixel 
".DELTA." is formed by 
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ABSTRACT : 

A method of simplifying the arithmetic operation in 
a global motion 

compensation process approximates the motion vector 
field of the whole image 

without using many parameters. Motion vectors in the 
global motion 

compensation are found by the interpolation and/or 
extrapolation of the motion 

vectors of a plurality of representative points 602, 
603 and 604 having 

particular features in the spatial distance thereof. 
Since the shift operation 

can be substituted for the division for synthesizing a 
predicted image of 

global motion compensation, the processing using a 
computer or a dedicated 
hardware is simplified. 



42 Claims, 22 Drawing figures 



DEPR: 

This problem can be effectively solved by so arranging 
the four representative 

points that a rectangle defined by the representative 
points includes the whole 

image. This is shown in FIG. 8. A rectangle 806 
defined by representative 

points 802, 803, 804 and 805 includes an image 801. 
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Then the motion vectors of 

all pixels can be found by the interpolation from the 
representative points , 

and the effect of the rounding error at the 
representative points is not 

amplified inside the image. Accordingly, an error 
larger than the rounding 

error at representative points never occurs inside the 
image, and the upper 

limit of error is definite. When the rectangle defined 
by the representative 

points is too large, however, the range of values that 
the motion vectors of 

representative points take is so wide that a number of 
digits necessary for the 

arithmetic operation increases, causing a disadvantage 
from the standpoint of 
mounting . 
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